Abstract
In this paper we develop a general equilibrium model of the Mexican economy that focuses on the commercial sector, particularly retailing. Consumers purchase goods in different retail establishments, which sell differentiated goods at different prices. Where each consumer decides to make purchases depends on various price and locational considerations. The model has been calibrated to replicate the Mexican economy in 1977, the latest year for which a complete data set is available. We use it to analyze both the impact of the 1980 fiscal reform, a major policy change for the economy as a whole, and that of a hypothetical development project aimed specifically at the commercial sector.
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INTRODUCCION
Commerce is a neglected subject in economics. Development projects geared to agriculture, industry, or transportation arc often implemented with little or no regard for their marketing or commercial impacts. These impacts may be crucial, hm.Jever, for proper evaluation of policy.
In Nexico specifically, the commercial sector, \;,'holes<11ing and retailing, is the recipient of over one-fourth of value added. In this paper l,ve develop a genera] equilihrium model of the Mexican economy that focuses on the c0!11rnercial sc'ctor, particularly retailing.
The model is then used to analyze both the imp3ct of the 1980 fiscal reform, a major policy change for the economy as a whole, and that of a hypothetical development project aimed specifically at tile commercial sector.
The need for a general equilibrium framework in this context should be clear: The huge size of the commercial sector and its degree of integration witll the rest of the economy makes an)" other c:pproacli unattractive. On one hand, anv major policy decision is certain to have a significant impact on the cOlTl.mercial sector. On the other, any policy decision designed to affect the commercial -2-sector 18 certain to have spillover effects on the rest of the economy, which ~n turn feedback into the commercial sector.
The ultimate goal of this work is the construction of a programming model
that CBn be used to analyze the impact on resource allocation and lncorne distribution of government price control policies and of policies to promote modernization of the commercial sector. The present model is intended as a step in this direction. The underlying framework is that of : . : ; . general equilibrium model similar to that described by Serra-Puche (1981) and Kehoe and Serra-Puche (1982) . The specification of the commercial sector is what distinguishes this model from previous work. Markets in general equilibrium models (and in economic theory in general) are typically composed of consumers on one aide and producers on the other. In reality, the cor::nnercial sector plays a crucial role of intermediation between these two groups. In this model consumers purchase goods in different retail establishments, which sell differe~tiated goods at different prices. There are an infinite number of consumers distributed continuously (but not uniformly) over a bounded reglon In the plane. Tt~ere is also a number of heterogeneous retail establishments located in this region. \.ethere each consumer decides to make purchases depends on various price and locational considerations.
In the subsequent sections we describe the structure of the model focusing particularly the role of the cOITPJlercial sector, We characterize an equilibrium of the model and briefly describe the ccrnputational p~ocedurc used to find it.
We then describe how the model has been calibrated to replicate the Mexican economy in 1977, the latest year for which a c~mplete data set is available.
Next we use the model to analyze the impact of two diffArent sets of policy changes on the economy as a whole and the commercial sector in particular.
Finally, we discuss the usefulness of this type of 8(Yl:-ling ex.erClse: We compare the' specifications of the model with the institutional aspects of commerce in Mexico, analyze the shortcomings of the model in terms of both specifications and data, and point out directions for future research.
PRODUCTION
There are 61 goods in the model: 21 production sectors,S commercial sectors, 3 sectors of non-consumption demand (government services, exports. and investment), 26 consumption goods, and 3 factors of production. The aggregation that we follow has been chosen with an emphasis on commerce in mind: A distinction is drawn between alcoholic and non-alcholoic beverages, for example t since they are often sold by different types of commercial establishements and face different sales tax rates and markups. In contrast, services are not disaggregated because such a disaggregation would not be particularly relevant to a study of domestic commerce. Table 1 Each of the first 58 goods is produced by a constant-returns production that employs the other produced goods as intermediate inputs. In addition, the first 30 goods, the production sectors, the commercial sectoTs, and government serVlces, employ the final three goods as factors of production. Intermediate inputs enter the specification of the production function in fixed coefficients form. Value added is produced by the three factors of production with the possibility of substitution governed by a Cobb Douglas production function that differs from sector to sector. The advantage of this specification is that it allows us to use an input-output matrix to describe the intermediate transactions in production.
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The 58 x 58 input-output matrix is of the form she is buying outputs from the textiles, wood products, chemical products, nonmetal production, and machinery sectors in fixed proportions given by the relevant entries in Z. She also is simultaneously purchasing commercial services, in the form of a markup, from some retail sector. Typically some of the largest elements in Z are those in the row, or rows, corresponding to the commercial Bector. We have chosen to remove these elements from Z, however.
What the present model does, as we shall explain, is to make the amounts of commercial services purchased from different retail sectors vary with prices and incomes rather than stay fixed in proportion to consumption.
CONSUMPTION AND COMMERCE
There are twelve consumer groups In the model. Two of them, the government Bnd the foreign sector, are discussed In the next section. The other ten -5-represent aggregates of households in the Mexican economy and are divided into five income groups 1n both the urban and the rural sector. Each of these consumer groups 1S endowed with stocks of capital and labor. Urban labor and rural labor are considered to be separate factors of production. Because we lack information on the spatial distribution of rural consumers and retail markets, we have decided to model demand in the rural sector 1n a different manner from that used for the urban sector: While consumer spending patterns by establishment varies in the urban sector~ it is fixed in the rural sector. This convention is consistent with a hypothesis that tradition, more than economic factors, determines rural spending patterns. Table 2 Each of the five rural consumer groups can be thought of as a single consumer whose demand functions are derived by solving the problem of maximizing a utility function subject to a budget constraint. The income of rural group is the value of its initial endowment net of income tax.
Here PS9 and P61 are the prices and wS9 and w 61 the initial endowments of rural labor and capital, and i h is the income tax rate faced by consumer h. This income is used to finance the purchase of a consumption bundle made up of goods 33 through 58 in the model. In addition the consumer saves a constant fraction of income, which, in effect, becomes a purchase of the investment good 32. All goods but four, the investment goods automobiles, transportation, and serVices, are purchased from one of the seven types of retail establishments in our model.
Purchasing a good from 8 retailer involves purchasing an amount of services from -6-that retailer proportional to his commercial markup. In addition the consumer pays a sales tax proportional to the final price of the production. 
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The total demand for good i IS then
x. = a. 
The demand The region under consideration is chosen to be a square that is subdivided into a grid of much smaller squares. In our computations we work with a 10 x 10 grid. The midpoint of each square in the subdivision is taken to represent the location of the population of the entire square. This midpoint has a population -9-density associated with it for each consumer group. The idea now is to determine the establishment choice of each of the consumer groups at each of the midpoints of the squares in the subdivisions. By weighing the choices by the respective h population densities and then summing we obtain the proportions ~ ...
In our specification of demand we distinguish among three types of goods, convenience goods, shopping goods, and specialty goods. This classification scheme is traditional in the marketing literature (Copeland (1923»; see Bellenger and Greenberg (1977) for a recent critique of this scheme. Convenience goods are these articles that consumers wish to buy with a minimum of effort, usually carrying a low unit prlce. Price differentials among convenlence goods are small and mark-ups tend to be slim. They are items bought regularly.
Shopping goods) on the other hand, are goods that consumers purchase after carefully comparing on the basis of availability, cost, quality, and 90 on. They tend to be goods with larger unit costs and goods that are purchased less frequently. Specialty goods are goods for which many consumers are habitually willing to make an effort to purchase in a specific type of establishment. They tend to be goods that are highly differentiated across establishments. Table 3 We do not attempt to explain purchases of specialty goods: Retail shares corresponding to these goods remain fixed. To purchase convenience goods and Shopping goods the consumer can go on a shopping trip to a public market, Conasupo, supermarket, or department store. On any shopping trip she incurs a single fixed transportation cost. In contrast J when a con~umer makes purchases at a grocery Btore she incurs a transportation cost proportional to the amount of -]0-her purchase. The idea is that shopping trips are made at regular intervals and involve increasing-returns-to-scale in terms of transportation and search costs relative to purchases. In contrast, trips to the. corner grocery store occur a8 the need arises and are often made for a single item, for example. a loaf of bread or pack of cigarettes. Shopping goods differ from convenience goods in that, while all of a consumer's demand for shopping goods can be purchased on shopping trips, only a fixed percentage of her demand for convenience goods can.
A consumer can buy a carton of milk while on a weekly shopping trip to a supermarket, for example, but she has to buy another carton later in the week at the corner grocery store.
The choice made by each of the consumers at each location depends, as we have mentioned, on three factors: price differentials, convenience costs, and transportation costs. The convenience costs are specific to type of establishment and good and vary among consumer groups. These costs are proportional to the consumer's valuation of her timet which is given by the wage P60. The presence of these convenience costs differentiate goods hy type of establishment. The cost factor involved 1n the purchase of good i in establishment of type j by consumer h is h h t c ..
In addition the consumer is subjected to transportation costs of
if she makes purchases at a grocery store. If. however, she makes a shopping trip, then (8) represents the marginal cost 'of purchasing a good while
represents the fixed cost of making the shopping trip.
Here ta tb, tc , sa '
, an 8e are transportation cost parameters speCl lC to t e consumer group -11-and d. is the distance of the consumer to the nearest establishment of type j.
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The problem that faces the consumer is now to formulate a shopping plan that maximizes her utility subject to the budget constraint. This problem could be viewed as a non-linear integer programming problem. Fortunately it is eaay to solve since there is such a small number of alternatives. The consumer can make
anywhere from zero to four shopping trips. If she chooses to make more than one shopping trip she buys a good at the establishment with the lowest marginal cost (8). Having thus determined the consumer demands at each midpoint in the grid for each consumer group, we use the numerical integration procedure described above to determine total demand.
An interesting feature of the above specification is that although the individual demand functions that result are discontinuous, their aggregate is continuous. A small change in prices can induce a consumer to change her shopping plans discontinuously because of the non-convexity involved in the fixed cost of making a s~opping trip. Since consumers are continuously distributed ever the region and shopping costs are continubus in distance, however, the integral of all demands can be shown to be continuous. This result can be viewed as a simple application of the work that has been done on smoothing by aggregation (see, for example, Sondermann (1980». The idea is that market areas of firms vary continuously with prices. Even when we resort to discrete approximation to the continuous distribution of consumers in order to carry out the numerical integration procedure, this discontinuity presents no problem. The aggregate demand function may not be continuous but it is a ~onvex-valued, uppersemi-continuous, point-to-set correspondence if there are an infinite number of consumers at every point (see Starr (1969». In such a situation, if prices are such that a consumer is indifferent between two shopping plans, she does one or the other. The fixed costs of shopping trips makes carrying out a convex -12-combination of the two unattractive. In the aggregate, however, convex combinations are possible: A certain proportion of consumers do one, the rest do the other.
NON-CONSUHPTION DEMAND
The government in this model taxes production, imports, consumer income, and sales. It also earns a return on some of the physical capital that it owns. It uses this revenue to purchase goods and services and to invest. The tax rates used 1n the model are the effective average tax rates. Any tax evasion is assumed to be neutral, in other words, independent of the source and level of income as well as of the type of the good. The lack of information about evasion and its distribution makes it difficult to look for non-neutral criteria to distribute the effect of evasion when computing the effective tax rates.
The government differs from other consumers in the model in that it issues exogenously determined debt. In addition, the government acts 88 a producer in producing a public good, government services, using the 30th column of the input-output matrix B. These services are bought by the government in its capacity as a consumer. When the government demands these services, it actually demands, through the intermediate requirements of this activity, from every sector of the economy_ Each consumer group h, with income yh, faces an lncome tax rate ih. The income tax revenue received by the government is (11) I z I~:lihyh.
Prior to the introduction of the value added tax, in addition to having a general turnover tax rate (impuesto sobre ingresos mercantiles), the Mexican tax system had a large number of special taxes applied to specific sectors. Our -13-specification takes full account of this tax system. h activity level, and Xi 1S the total expen~iture on good i bv household h including commercial markups. This specification takes account of the cascade effect of the turnover tax system: The total tax is reflected in the final price of the good after going through all the stages of production and commercialization. The more stages the good goes through, the larger 18 the cascade effect of the tax.
Imports are assumed to be a single homogeneous good. This good is obtained from the export column of the input-output matrix B, denoted aM' The model has an aggregate tariff that applies to this good when used as an input. All thoBe activities that use imports as inputs to the production process face this aggregate tariff. The revenue from taxing imports IS (13) T = P t \,17
where ~j 1S the nonpositive number that denotes use of imports by activity], j1M, PM is the prlce index for the aggregate import good. and tm is the tariff rate. The governmentfs total revenue R is the sum (14) R = I + C + T.
The composition and level of government expenditure are viewed 8S an independent policy decisions. In the absence of simulated changes, our -14-behavioral assumption is that they stay fixed 1n real terms. proportions. Implicitly, the economy generates foreign exchange that it uses to finance imports. The tax or subsidy rates on the elements of the 31st column represent export taxes or subsidies. The tax rates on the elements of the 31st row represent tariff rates.
We define one more consumer, the rest of the world, who exists only to allow
us to explain what happens to the flows that make up the balance of trade. This consumer can be thought ·0 f as demand ing exp?rts in fixed proport ions, 80 that the coefficients of the 31st column of the matrix B represent his demand function.
In return for these exports he provides an amount of the import good given by the diagonal element of the export column. This consumer is also endowed with an amount of imports that is equal to the actual trade deficit when evaluated in 1977 prices. With this income he invests. Thus, any deficit on the trade account has a corresponding surplus on the capital account.
The trade deficit is determined exogenously. To make it endogenous we would have to specify the foreign sector in much more detail. Nonetheless, it is possible to use the model to examine the effects of shocks in the foreign sector by simulating changes in the coefficients of the import row and export column of the activity arralysis matrix, as well as changes in the exogenous trade deficit.
Although our model is static, we must account for the investment that takes place during the period of analysis. We introduce an activity that produces the investment good. This activity is represented as the 32nd column, 
Moreover, ~. and t obey the following version of Walras's law 1 ~~:l Pi ~i(p,R) + t(p,R) = R, which can be derived by adding up all of the consumers' budget constraints.
Producers demand factors of production in proportions that minimize costs given the Cobb Douglas production functions for value added in each sector. Let E(p) be the 61x58 input-output matrix that includes factor demands:
Here F(p) 1S the 3x32 matrix of factor demands that varies with prices. (21) ~(p*,R*) II: E(p*)y*.
(22) R* = t(p*,R*) + p*(E(p*) -E(p*»y*. Condition (20) requires that all activities make zero profits after payment of taxes. This is the familiar profit maximization condition for a constantreturns production technology. (21) is the condition that demand equals supply.
(22) requires that the level of tax receipts that enters the governments budget be equal to what it actually takes in. (23) is just a price normalization that we are permitted by the honogeneity of ~, t, and E: If (p*, R*, y*) is an equilibrium J then exp*, XR*, y*) also 15 for any A > O.
An equilibrium of this model can be found using a fixed-point algorithm of the type developed by Scarf (1973) . This algorithm can be easily modified to locate an equilibrium of a model with a government that taxes and spends (see Shoven and Whalley (1973) ). The computation of equilibrium for this model can be -18-drastically simplified by reducing the search for equilibrium to, one over the four dimensional space of factor prices and tax receipts. The zero profit condition (20) can be used to determine prIces of. the first 58 goods 8S functions of the factor prices. Condition (21) can then be used to compute activity levels and demand for factors (see Kehoe and Serra-Puche (1982». This dimension reduction is essential in making computations of an equilibrium a feasible task.
To evaluate the excess demand function requires that demands of each of the 5 urban consumer groups be determined at 100 different locations. To find the demands of each of these 500 different consumers all of the discrete choices for shopping plans must be examined. It is essential that the number of demand funct ion evaluat ions be -kept as small as possible.
One specification that we use to simplify computation IS that the model of consUmer behavior presented In the previous section is used only to determine the shares ~~ .. It IS not used to determine induced demands for automobiles and 1J transportation. Thus, although a fall in transportation costs would result in an increased demand for department store services, for example, a fall in department store markups would not result in an increased demand for transportation.
Although this is undoubtedly a shortcoming, it greatly eases the computational burden. The computation of an equilibrium for this model usually takes between three and five minutes of CPU time on an IBM 370/168.
DATA AND CALIBRATION
There are over 7000 parameters involved in the specification of the model. The production side of the economy has been specified using the input-output The elasticity of substitution between factors has been assumed to be one in every sector, due to the lack of reliable estimates. This leads to the Cobb Douglas specification for all the production functions described earlier. The parameters for convenience and transportation costs that determine the consumers' shopping plans have been painstakingly calibrated to be consistent with both the locational information for consumers and establishments and the expenditure proportions reported in the household survey. The values thus derived for these parameters are encouragingly plausible. For example, the parameters that dictate the maximum proportion of expenditure on a convenience good that can be made while on a shopping trip 1ncrease monotonically with consumer ~ncome. This proportion goes from .2930 for the urban poor to .3059 to .4506 to .5500 to .6166 for the urban upper income group. This is consistent with the observation that poorer consumers, without access to automobiles and -21-refrigerators that allow large shopping trips, tend to make more frequent purchases of perishable commodities than more affluent consumers.
The information on the government activity is taken from the input-output matrix, including the value added parameters. To obtain tax information we have carefully aggregated the actual tax rates so as to match our aggregation. Cur original specification includes the turnover tax and the special taxes specific to particular goods. The tax that each good in our model faces is a wei.ghted average of effective rates. Once the correct aggregation has been done, we compute effective tax rates by finding the turnover tRX and the special tax rates that yield the actual government revenue in 1977. We assume neutrality of tax evasion within the sector or aggregate good. The income tax rates are effecti\'f'
;:-ates derived while keeping the whole income tax structure unchanged. Here evasion is again assumed to he neutral across cons~~ers and independent of the "income source. The tariff and the export taxes are computed by t:tndlng the rates that yield the actual revenues, without too many complications, since imports are a single homogeneous good and all exports face the same tax rate. The foreign sector information only requires the trade deficit of Mexico for 1977, which le consistent with the rest of the variables. We also take into account the governments deficit in 1977 which, as mentioned, is included in the government's vector of endo\l1ments in the entry that corresponds to the investment good.
Units have been normalized so that all market prlces and activity levels should be one. The elements of the price vector are exactiy equal to one to 3:X significant digits. Similarly, all activity levels are also one and yield the correct tax revenue. The revenue from indirect taxation, sales taxes. ar.,j t tariffs is identical to the actual revenue observed in Mexico in 1977 (123,430 million 1977 pesos)~ Income tax revenue is also identical to the actual revenue (93,386 million 1977 pesos). Consequently, total government rcevenUe ::rOT; -22-taxation computed by the model (216,816 million 1977 pesos) is identical to the total tax revenue actually observed. In fact, the model has been calibrated so that the values of all major macroeconomic variables coincided exactly with those actually observed.
RESULTS OF SIMULATIONS
In this section we use two comparative statics exercises to illustrate potential uses of the model.
In the first, we simulate the introduction of the 1980 fiscal reform in Mexico. This is a major policy change for the economy as a whole. We are particularly interested in its impact on the commercial sector.
In the second, we simulate a subsidy policy aimed at the c~mmercial sector. Here we are interested in the spillover effects on the rest of the economy.
After changing the parameters of the model, we compute a new equilibrium.
We then compare the new equilibrium with the benchmark t focusing on chnages 1n
prices, activity levels, patterns of consumption, and utility indices. In general, it is difficult to lnsure that this type of model has a unIque equilibrium (Kehoe (1982». Using a technique described by Kehoe and Whalley (1982) , however, we have carried out an exhaustive search to verify that the equilihrium of a more aggregated verSlon of this model is indeed unique.
The fiscal reform of 1980 converted a turnover tax system into a consumption value added tax system. We introduce this change into the model by eliminating all taxes on intermediate production and adjusting ta~~: rates on final demnndo Iti both systems a tariff rate of 8.4263% is applied to imports. A val~e added tax rate of 10% is applied to final purchases of all commodities with several notatd,(~ exceptions: All purchases of agricultural produce are exempt. Similarly, purchases of educational materials and professional services are exempt.
Transactions that occur on the border are taxed at a rate of 6%; we take thi~ -24-Douglas functions are weighted geometric means of consumption of different goods.
A 5% increase in utility. for example, corresponds to a 5% increase in income if prices are constant. The percentage changes inutility levels are reported in Table 6 along with percentage changes in the sums of all urban and of all rural consumer groups. Table 6 Notice that the reform helps urban consumers more than rural consumers. The overall impact, however) is close to a Pareto improvement. Much of these results are explained by the treatment of the government deficit. The fiscal reform results in a fall in tax revenue of more than 15%. Since the level of government expenditures is fixed, this results in an increase in the government deficit.
The additional government bonds are regarded as an increase in net wealth by consumers. Moreover, the increase in the deficit has the effect of raising demand for urban labor more than that for rural lahor. See Kehoe Bnd Serra (1982) for analysis of these issues and comparisons of the fixed expenditures specification with a fixed deficit specification.
Notice that the reform also favors the poor Bnd upper income groups more than it does the middle ones. This is easily explained by changes in relative prices. The fall in the price of food (33-42) has a favorable impact on the poor. The fall 1n the price of investment and bonds (32) There are, moreover, significant spillover effects on the rest of the economy_ For example, the return to capital increases by more than 2% compared to urban labor. This change is reflected in all the prices and activity levels
In the economy. Furthermore, the relative magnitudes of these changes are not uniform nor are they easily predicted: Consumption of non-alcoholic beverages -26- Another improvement that could be made would be to have different elasticities of substitution among factors of production.
In spite of these drawbacks, however, the model should prove to be a valuable tool for policy analysis. It is flexible enough so that we can -28-incorporate new data when it becomes available and modify the specification when the need arlses. MOreover, we can overcome many of the limitations mentioned above by changing exogeneous variables to simulate endogeneous changes. 
